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Major Questions for Modern Nuclear Physics

* (Can the structure and interactions of hadrons
be understood in terms of QCD?

« What is the structure of nuclear matter?
« What are the phases of nuclear matter?

« What is the role of nuclei in shaping the
evolution of the universe?

« What physics is there beyond the Standard
Model?
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Facilities to Address these Major Questions
WG.9 Report identifies 90 “User Facilities” world-wide
BUT many are relatively small with mainly local users
e Play an important role in:

- student training

- applied nuclear science

e Frontiers mainly addressed by larger facilities

Arbitrarily chose >300 users and > 15% international users
and exclude applied labs —e.g. ITHEMBA, ILL...)

= much smaller number (13) of “Major Facilities”
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Expert Advice to OECD GSF

 Prepare booklet with International Landscape for NP
« AT, WvO, WH represent WG.9: provide expert advice

 Meetings in Washington, Rome, Tokyo; final
meeting Nov. 4,5 in Paris

 Report was important source of information for that
group
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Facility % NP Total % Inter
Users No. Users | national
GSlI (FAIR) 75% 1300 40%
Jefferson Lab 100% 1200 39%

" RHIC 100% 1100 50%

.g CERN (LHC Alice) 100% 760 100%

% GANIL 100% | 630 36%

P | TRIUMF 100% | 600 66%

o |RIKEN 100% 500 19%

g J-PARC 100%  |480 60%
ANL (Atlas) 100% 410 40%
Legnaro 100% 400 50%
COSY 100% 390 56%
CERN (Isolde) 100% 350 98%
DESY 10% 3000 47%
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AFRICA
Cydlofron [ p [227 Ml ! HI #1358, S0-5 Meliu) Accelersior (35
South B&Fica ITHEMEA Laboratory, Faure f Cape Toan Cychalron and Acceleraior Fag 'n_.' [T E]
WECSA, Prelora SAFARI-1Van de Grasd Resmsrcn Resctor m3-908, 107 5" e=™ 2 My VdG: p, 4, *He, N
ASLA
Cydofronipl 100 MeV) under corsrecion Tandem (15 MV)p (30
China Crina irstitule of Aomic Energy, DNP, Beijing Seijing Tandem Acc, Lai M=) I (15 M=)
Cyd-Eyrcte.-Slorage-R p 37 SeW) /U0 11 Gevie, ™M 520
Crirese Academy of Soiences, IMT, Lanzhoy HIRFL (1 BTy
Crirese Academy of Soences, SIAR, Skarcha SLEES jin parring) Gamma rays | 25 Mey 100107 7
ndia Mesw Delhi Universisy Grants Commission of India, Mew Delhi |imer-University Acosieraior Canter | Tandem - 5.0 Unes 5 [9-1 Meiu]
AVF Cyclotren &40, 30-7 Meliu ZC-Cyolobron, K=300, 10-60
Vanabie Energy Cyloyon Cenire, Kiolkala VECC =l
Japan Japan Atomic Enengy Agency, Toka JREA Tanidem Faciliy Tardem-S0L-5.C-Linac | p[20 M\ HI&=15000 205 M\l
KEK and JAEA, Tokai J-PAST (under construcion] Synchrairan | p (20 J50) Gey =100 5T
Kyusmi Universiy, Fuiuois AR Tardem (3 MW ! g [18 MV THI [A<50, 9 MeVq)
Synchrotnon | 6 Meliu ing.-fnac | HI {8=60 1D0-200 Me\is) |
Wadonal Instiule of Radiciogical Sciences Anagana HIMAL medical
Cr=ai@ Univerzity, Osalka Wan de Graaff Laboraiory Wan de Graa® [GV] J p-He 3 R=VAD ey
Cyclatron complenback scatiered
FCHP, OsaiE University, Dsaia piarion facility Cydorons K140+ KADD) / p (200 WV 7 HI (A=20, 100 Meliy)
Mishina Center for Scoslermior-Bazed
FUEEN, Wako Eoience Cydofrons { RART {135 Me\ly) | RIBF [d-U ! 350 M=)
Tonoky Universisy, Senda CYRIC Blectrmrd inac-3ERing {1.2GeW) / f2gged pholons (30-1150 Me]
Cyclofrons (K=1081100 { pl 12750 M=\ {HI [C 33 MeViu, Kr8
Tonoky Universisy, Senda LS Sendai (1
Uriversity of Tsukuba, Tsukubs Tangem Actelerator Compes Tarderre U 122 Ma¥] i (=7 Meiiu]
Kaorea Instause of Geascience ang Mineral Resources,
Kores Dasfean N Beam Application Groun Tardem (1.7 MV} [ p-du
Watonal Cancer Cemire, Goyang Center for Proten ThEmEgy Cydoton | p [G-230 MeV)
Mational Cemire for Inter-Universitiss Research Fadity, Secul|Siectrest lon Act.l AMS Fac Tandem (3 MV} / p{6 Mav) / HI (MC 10 Mev)
AUSTRALLL
Australia Matiznal Univarsity, Canbers Heavy lon Accelsrator Faciity Tardem (15 MVHSC-Lnes § HI LI 12 Wiy Su =2 MW




Ragion Country Inatitution | Location Facility Nams Facility Charactaristics
|JEUROEE
. Cydofrors (=30 & K=110) 1 p (3070 Mel) § HER=130 254058
Belgium Universita Cahioligue o2 Louvain, Louvainia-Neue Canire 92 Recherche du Cyciovron  |Wehiu JRIE (4 < 20: 10 - 56 Me\iu)

CZech Reguilc

ACademy of Soences of the Coach Republic, ez

Mudear Physics Insiiute

Cydlofron [K=2000 / p He

Finland University of Jyvaskyld, Jyvasiyla Acgslerator Laboratory Cyclofron [K=1300 1 p (130 Mev) /B [A=130 30 M\l - 5 Me\i)
Cerire FEldes Nucléaires Bondeaux Gradignan (CEMBG)

France Gradignan BIFIRA Zinglefron[2.3 MV T p (3.5 M2V} I [T M)
CMRS, Uriversia de Nanies, Scoie des Mines de Mamss Cyedatran [K=T0) olamned: ssdizisulse producion mrd rociesr
Mames BRRONAX medicne
Eurapaan Synchiroiran Radiation Fadly, Grenatie SERF GRAAL Gamma Rays (Complom back-scaftered polaized) [350-1500 Mel)
GANIL Laboratory, Caen GANIL Cydofrons (3 compact, 2 2ep secior) | 2PIRAL 1200 HI [958V |
Institul de Physigue Mucieaire de Lyon, Lyon =ML ¥an de Graaiis Wan de Grasfs (2548 WV o (3.5MeV]) ) Au-clesbers (2 Kei] / HI
Institut Laue-Langeyin, Srencbie LL Aeseanch Reactor /o (1078 em ™)

_ _ o Tandem (15 M) { 32 Me " Enec { 1201 1 p (25 Med) HI (31

Institut Priysique Mucigaire dOrsay, Orsay Tangem ! ALTO (TR

GEmany Cieutsches Eleidronen-Synchrotron (DESY), Hamburg HERA Blescirn [30Gev]-Proben (520 Gav] Colider, pol. &
Forscrungsnsutronenguels Heinz Magr-Lebritz, Garching |FRM Ressarch Reacior /im (Ex10™s "om
Farschungszenum Juglich (FZJ), Juglich ooy Eynchrolron (2eccooles) ol g V02T - 3.7 Gelile
Gasslschadt fuer Schwenianenforschung (G5, Damelagt  |UNILAC, SIS, ESS NP Linac-Eyrchrotron-Elorsge Ring § p (4.7 GeV) | HUREs [2 Ge\ls)
Teckrical Universiy of Damestaot, Damstad S-DALIMAC Blecher-Linac (3.0 recircalsting) /24130 e
Urivarsity of & Technical Lnversity of bunich, Ganching Aaer-Leibnilz Laboraiong Tardmm [ 14U5] ) p |28 Wat]) { HI(B-11 M)
Urivarsity of Bann, Bonn = B Becime-SynchrdroniChrsge-Eralcher Ringll 5 - 1.5 GaV
Uriversity of Colagne, Cologng Tangem Accelamhor Tandem [ H06] / p {20 B=W] ) HI [A=80, 615 M=)
Urinarsity of Mainz, Manz AAA | Accelaratar Mirotron (=7 ca-mace frack)  120-1300 Mel
Inst. of Wucl. Fies. of the Hunganan Acadamy of Scences,

Hurgary Dezrecen ATOME Cydo¥on [K=20] / p[20 MeV) | *Haf 27 Mal)
European Centte for Theatedcal Sudies in Huclear Priysics,

=iy Trento CT Theory Inzbiule

Mational Institute of Muciear Prysics (IMFH), Asseng

Laboratori Mazional del Gran Sasso

Blechoeiabic fec. 30 &Y & 400 kV | desp underground facities

Waional Institule of Muciear Prvsics (INFH), Calania

Laboratori Mazional del Sud

el

Tandem (15 MV} p {28 M5 (141 Mevh) SC-Cyolotron | p (B0

M=) ! [BO-20 M)




Ragion Country Inatitution [ Location Facility Name Facility Charactaristics
Hopa Coliege, Holland, M HIGAL Tandem (1.7 M) 7 p (3.8 Beli) i e [5.1 Mz
Laweence Berieley Natiznal Laboratory (LML), Barkeley, CASS-inch Cyclotran Cyclofron [K=53] / p (55 MeV] / Hl [B=A=208 3245 Mebi)
_ _ _ SC-Cycloborm [coupled, K500, K1200) / HI RIES [16=42233
Michigan St University, East Lansing, M NSCL E=160-50 Meiu)
National Institute of Standands & Technology (NIST),
Gainzrsburg, MO MO Research Rescior | cold mevbons (200" o™
FM Tandem {8 MV) & 2C0Unsc [13W4ng) § 20 Ke) i HI <0
Muclzar Sruciune = ADTraany, SUNY E'.IZI"Ig-' Srook, NY Mudear Struchure Lakbo ':I|:Fla 127 |'.|:'.'.l..:
Cydofron-Tardem{ 25 MY 200 system / BB {1242136 13-
{ak Ridge Madonal Laboralory (ORML), Cak Ridge, T HIRBF (EATY
Pacic Morimwest Mational Labaratony, Richiand, WA GEX Dedacior Erniched iscfope double bels decay
Texas ASM Unversity, Coliege Station, TX Cyclatron Insdhse Cydotrons [B=150 K=500) / d - U [70 MeVia - 13 Mebiu) / RIBs
Thomas Jestarson Natonal Acceleralor -.,|:|||:,'_ Mewpaort Eleciron Fac Fn :E ZeW W SC-Linag ooy -:I'.l:l":- M0 kW
Rews VA CEBAF FEL
Triangle Universdes Nuclsar Laboratory, Durnam, NC TUNL Tandem {10 MV) & LEBAFILENA (0.2 -1 W)/ p,d He
Uriversity of Kentucky, Lexingion, KY Acgelemtor Laboratong Zingle-snded ds anceesbor (7 WY / He 7-12 KeV)
Tardem (1.3 MV} & KN Wan de Graa [2 MY/ p[21 MeV) [ B
Uriversity of Hotre Dame, Matre Dame, Muchear Etruchure Lok, [MEL) (=10 ke
L '.'EF‘E.E_JEI" Wash Mgan, Saattla WA CENPA Tardem (9 kW]
Wiesterm Michigan University, Kalamazoo, MI Tandem Accelerator Laboratory  [Tandem (6 MV p12 MeV) | HI JA<50 3-0.7 Meviu|
WPight Muclear Structure Laboratory
Yale University, Mew Haven, CT TWNEL) Tandem (20 M) | p|28 Mev] B [A=5-200 | 7-1.4 MeViy)
S0UTH AMERICA
Argenting CHES Priysics Deparment, Buznos Aves TANDAS Laboraior Tanderm (20 M) | p{25 MeN] / H [28=6-200, 7-1.4 MWy
. . Wen de Gras® [ MW, single-end=d] /' p (4 Kl HI ji240 1
Braxl Cathioic Univers oy Rz de Janera Van da Graak LA rary (15 -..l..
. ; . Tandem (& MV] {25 Linac = corlr] / p[16 MeV) HI (A=30, 53
L '.'EPEEIL'I:I" 530 Paulo, 530 Pauk _BEN (15 -..l.._
Chile Comisian Chilan de Energia Muciear, Saniago Cerire Moclizar La Rzina Cyclofron [K=16] / p (15 M=A] ! d {3 Me)

Uriversity of Chile, Santago

Vian da Graaff Accelerator
—Anaraion

Van de Graaff (3.75 MV F p-22 (3.5 Mel)
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AFRICA )
South Afrca | ITHEMEA Laborstory, Faure § Caps Town Cyclotron & Accelerator Faciity (300 12 283 17 13 Jel  |yes 443 0 J5% 5%
MESCA, Pretnia SAFAR-1Van o Graaf 17 13 2 043 E 25 3% % 5%
&51A
China | China Insthaie of Alomic Enesgy, DR, Bejing B=iing Tandem Acc. Lab. 250 |20 2 5 2 o |50 200 B5% a0% 10%
Cninsze Acagery of Sciznces IMP, Lanzhou HIFFL 500 26 400 100 10 20020 |4 200 = e % 1%
Chiness Boademy o Sciences SIAR Shangnai SLEZS (in planning]
Mew Dedhi University Grants Commission of India, | Inter-Uriversity Acceisrator
ngia | Mew Deh Center 110 il 100 10 £ 1280 |0 e 5% % 5%
Viariahie Enengy Cycioiron Centre, Kolkata YECC 470 13 3 1412 30 0% B0% 20%
Japan | Japan ATmc ENergy Agency, Toka JAEA Tandem Facity 17 5 12 3 z 5 ] ZE0 W% |50 0%
KIEK and JAEA, Toka JPARC (unger consrucion] 480 0% A% 5%
Hyusniu University, Fukuoka KUTL 4 2 2 il 1 415 il 35 T 100% 0%
Mational insdlute of Radiziogical Sciences, Anagawa | HIMAC 3 2 1 & a0 10 Thd i 0% 10%
iZsaka Uriverssy, Osaka ¥an de Graaff Laboratory ] & 3 1] = 2 3 A% L% 10%
Cydotron complex'back
FCME, Dsaka Universy, Osaka scaTered photon faciity 58 5 17 41 5 33135 |0 Tho % 0% 10%
Mishina Center for Acceierator-
SIKEM, \Wako Based Suence 157 ] 53 a5 5 28112 12 a0 0% B1% 19%
Tohoku University, Boba CYRIC 38 13 26 3 2an 1d 20 i b B5% 3%
Tohoku Uriversity, Sendai LKS Senda 32 E 18 3 133 il 10 4% 1005 il
Unfiersity of Tsukuba, Tsuioa Tandem Accelerator Complex |21 0 13 B 1 TH 0 Bl 0% EEE 1%
¥iored Institule of Geosgence and Minesl
Worea | Resounces, Dagjeon len Beam Apication Sroup B il & il il a il 256 0% 100% 0%
Mational Cancer Cenler, Goyang Center for Proton Theragy 15 i & 7 4 a2 i - - - 1
Mational Cenire for mier-Universities Research
Faclity, Seou Eiecirast lon ACC AAMS Fac. 11 il & 3 1 1 il a0 5% 100% il
AUSTRALI
| Austraiia Natonal University, Canberra Heavy lon Accelerator Faclity |42 2 E [13 [5 EEIE Ei [21%  [52% 5%
|EuRoRE
Cenve de Fachemne du
Zeigium | Unkeersite Catholgue d2 Louvain, Louvain-la-deave | Cydotron 19 a 19 a 2 ] 1 5 7% 0% 50%
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Czech Azpublic | Acagery of Sciances of he Czech Repudic, Rez Kuclzar Bhyscs Instue 45 15 2 25 4 15 & 50 0% 1% 30%]
Finland |."1'r.-er5.|;- of Jywaskud, Jyvaskyid ACCeleranor Labaratory 68 ] 26 & ] a2 10 an 15% 25% TH%
iZanire d'Shudes Mudleaires Bordeaux Gradigran
France | (CEMSE), Gradignan AlFIRA 17 il 10 ) 3 41 il L E3% §5% 5%
CHRS, Universite gie Mantes, Ecoie des Mines de
Manies, Karfes ARFICKAY
Swropean Synchrotron Radiaton Faciity, Grenoble | ESRF GRASL 3 il 23 10 2 Qs 3 H 4 0% S0%
ZAMIL Laboraiory, Caen GANIL 267 5 242 23 2 oL 20 370 o G4% 35%
retitut de Srysiqus Kuclzaie de Lyon, Lyon IPHL Van de Graaffs 24 a 2 ] a & a 0 G5 85% 5%
restilut Lawe-Langevin, Grenotie ILL 45 5 352 m 15 258 5 1220 T 26% T
rstiut Physngue Muceans 4'Orsay, Orsay Tandam i ALTD 1 28 25 10 10 ] 10 130 % G4% 5%
HERA  Mofe: Meglear Pryzics
Gemany | Deulsches Elekironen-3ynchroitron (DESY), Hamburg sbout 105 of figures gieen 1685 |50 1114 3481 P 1001100 |45 3000 5 Sd% 475
Forschungsneutanenguelz Heinz Maisr-Leionz
Zarcrhing FRMII 220 il 140 20 &0 15 5 B4 0% 2% 5%
Forschungszaninm Juslich (FZJ), Juelich Cosy 148 12 125 23 T 1656 1 89 % 44% 56%
Geselschaft fuer Scwenonerdarschung (331,
Dlanmestat UMILAC 515 ESR NP 1008 |50 545 450 a0 11580 |40 1300 i 15 60% A0%
Techmical Urreersiy of Darmssadi, Darmsiadl S-DALIMAC 22 T 17 5 5 23 13 e 2% 25% T
Uniiersity of & Technical University of Munich
Zarching Maizr-Leitni Labaratory | il 26 32 1d 1755 122 % 5% 25%)
Unhiersity of Bonn, Born ELSA
Unhiersity of Cologne, Cologne Tandam Accelerator 3 il & 23 5 12 il 15 4 G6% 345
Unhiersity of Mainz, Mainz WMAMI Accelerator 216 20 103 113 38 2310 |2 150 0% 8% 20%
st oF Mgl Ries. of the Hunganan Acadamy of
Hungary | Sciences Debrecen ATOME
Ewrnpean Canlre fr Theorefical Studies in Mudear
ialy | Prysics, Trento ECTH
Laboraton Maziznali del Gran
Mational nsTiute of Muciear Pnysics [INFN), Aszergl | Sasso
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Mational insdtute of Mugiear Physics (INTH), Frascad | Laboraton Mazional O Frascati
Mational insdtute of Mugiear Physics (INFM), Legnaro| Laboraton Mazionall di Legnare (170 il 120 5 10 2520 il 400 0% 0% F%
Mamway | Unieersity of Oslo, Osio Cydotron Laboratory 25 il 10 15 3 =t} il 30 0 T0% 3%
Poland | ‘Warsaw University, Warsaw Heawy lon Laloratory 53 il 46 T 2 213 16 0 0% BO% 20%
Mational institute of Physics and Mucear Engingenng
Romania | (IFIMN-HH), Bucharest-Magurels FM Tandem %an de Graaf 54 4 43 5 1 103 T 60 G0 O7% I
Sussia | Budier Instuse of Nuclar Prijsics, Novosiorsk WEPP-AM | ROEE-1M 3 il 2 3 1 14 il 3 100% 1005 1%
Sudker Instase of Muckar Bhysics, Novosiorsk WERR.3 11 2 T 4 1 24 2 20 TR B5% 15%)
Sefzrsbung Musear Physics nsdlute, Russ. Acad
Sciences, Gatching PHPI Synchiro-Cyciotran
Sweden | Lund Universiy, Lund MAX-LAR 5{ 30 3 20 1050 5 all i 15% 55 %
Uppsala University, Upgeala The Swedbeny Labamtory 20 1 24 5 1 0 1 150 E 5% 75
Swilzefang | CERN, Geneva LHC - ALICE 55 1 3 5 14 - rird TG - - 1003
CERN, Geneva ISCLDE 26 il 12 14 £ Trl 15 350 % 2% 5%
Sadl Schemer Inslute, Viligen Isacrrnnows Cyciotnn
The Metheriands | Kernfysiscn Versnelier Instaus (KV1), Sroningen AGDR 50 5 22 28 3 2440 10 108 bt 50% 0%
JHCRTH AMERICA
Canada | Snolab (Under constction), Sudbury, ON SHOLAB - - - - - 025 10 TED - 0% F%
TRIUKF, Wancouser, BC TRIUMF ! ISAC- T ISAC- 384 14 384 41 242t & 603 T 34% G5 %
Universidad Madonal Autonoma de Mexico, UNAK
Mexico | Memoo City Wan de Graaff Laboratory 18 il -] 10 il st} 1 24 i B5% 15%
Unhiersidad Macional Autonoma de Mexico, LNAK
Mexica City Peleiron Acceleraior Laboraiory |11 il T 4 il &a12 15 14 85% 8% 2%
USA | Asgonne Mational Laboratony, Amgorme JANL], 1L ATLAS a2 b T4 1§ 14 Q32 35 419 12% 54% L5%
Srooknaven Natonal Laboralory (EML), Upton, NY RHIC 523 5 473 5 20 100 20 10 13% 50% 0%
Superconducing Acosierator
Srida State Unversity, Tallahasses, FL Laboratorg &1 12 17 19 5 141 1 25 a0 B0% 10%
Hope College, Holand, A HIBAL 2 il 1 1 il a 12 18 5% 05% %
Lamrence Berkaiey Mational Labaratory (LEML,
Serkaiey, CA BB-inch Cyciotmon 57 il 35 22 £l &n £l 147 9 B5% Sl
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Michigan State Unwersily, Eas? Lansng, M| WSCL 280 14 155 125 23 5510 |30 170 M 60% 3%
Mational insiube of Siandands & Tecnalogy (NIST)
Gaithersburg, MD HICMR 16 il g § 4 34 3 30 Gl B0% 0%
MuciEar Stnacture Laboralory, SUNY | Stony Brook
MY Kuclear Structure Laboratory |13 ] ] 1 7 4 20 a0 1005
(ak Rige Mational Labarasony {JRNL), Qak Ridge
TH HIREF 50 17 kS 25 il 144 |3 224 2% 40% 10%]
PracHiC Marthwest Mational Latioratary, Richiand, WA | IGEX Detector 35 5 k| i 2 a i 0
Texas &M Universty, Collzge Station, TX Cydotan Instifuiz b2 11 50 iz 13 2240 10 140 607 0% 1%
Thamas Jaferson Natianal Accelerator Facilty,
Mamport News, VA CEBAF 638 14 604 34 1l TE0 |70 1206 % 61% %
Triangle Uriversities Nuglear Laboraiony, Dutham
NE TUML 65 il 25 40 10 3000 15 60 S0% 98% 2%
Linkiersity of Kenhucky, Lezington, K ACCeE|eranar Labomatony 4 il 3 1 3 30 1 ? il 5% 3%
Uinkiersity of Motre Came, Nove Dame, IN Suchesr Sreciure Lab. (WEL) 32 4 28 § 21 |7 4l 25% 0% 50%
Unieersily of Washingion, Seattle, WA CENPA 47 26 21 § 154 5 33 1003
Wiestern Michigan University, Kalamazag, M Tardem Accelerator Labaratory (3 i 5 a 40 4 10 00 [100%
Wiright Muclear Stnucture
Yale Uriversity, Mew Haven, CT Laboratory, (WSL) 30 i 15 15 4 1210 |3 il 15% 3% 5%
JE0UTH AMERICA
Aegening | CMEA Physics Deparment, Buenos Aires TAMDOAR Laboratory a2 15 4 g 3 540 10 25 S0% 40% 10%
Brazl | Catholic Uriversity, Rio de Janeir Wan de Graat Laboraion 10 i 7 3 4 e |3 a0 BO% |100% i
Unhiersity of 530 Paulo, S0 Faule LAFM 47 13 47 i 346 A 100 S0% 100% i
Chile | Comision Chilena ge Energia Huclzar, Sanfiago Cenyo Nuckear La Reina i 3 5 1 1 o 2 15 003 |100% A
Wan de Grazd Acceleratn
Unheersily of Chile, Santiags Laboratory 8 7 1 1 12 20 B B% | 100%
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European RNB Facilities - Road Map
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FAIR & SPIRAL 2 on the ESFRI list .

Astronomy, Astrophysics and
Nuclear Physics

FAIR
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SPIRAL 2@GANIL - A world leading ISOL Facility
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Heavy lon physics at
Large Hadron Collider




GSI today I

Future facility

SIS 100/300

Antiproton
Production Target

Observers

100 m

CN DE FR GB RO RU SE




Japan
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Fast Ribeams | RIBF: Accelerator Complex in RIKEN Nishina Center
- RIPS

x
\ SHE (2=110, 111, 112, 113) - GARIS_

. s
Morimoto (Thu) *\ ~5 MeVinucleon

1. LT
4

135 MeV/nucleon ',

0 for light nuclei [1\986-} 350 MeV/nucleon 2 to be built
Rl beams (<5 AMeV) - CRIB| uptoU _ o
£ 58 bade i 2008 5.6 billion Yen (= $56 million)
16 billion Yen 1 under construction

(= $160 million if $1 =100 Yen). 40 billion Yen (= $400 million) -
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> J-PARC = Japan Proton Accelerator Research Complex

Joint Project between KEK and JAEA




North America
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Schematic Layout of TRIUMF/ISAC with H-
Driver, ISOL Production & Post Accelerators
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ISAC Future Plan

RIB To Experimental Hall

o The TRIUMF cyclotron driver could
provide another proton beam (~ 200 -

E"t Y :
e !
[ )

400 pA ) from a presently unused .':T;’J,L,!,]“
beam line (BL4AN) to new target
stations, i
® These target stations would then Illf:i:ltliﬁt:g

Services

provide a place to perform systematic
development of exotic beams,

’ lon Source development,

’ Characterization of new targets

- An additional Radioactive Nuclear
Beam could be simultaneously BI 4A
accelerated from these new target
stations for experiment




NSAC: LRP Recommendations

We recommend the completion of the 12 GeV Upgrade at Jefferson Lab.
The Upgrade will enable new insights into the structure of the nucleon, the
transition between the hadronic and quark/gluon descriptions of nuclei,
and the nature of confinement.

We recommend the construction of the Facility for Rare Isotope Beams,
FRIB, a world-leading facility for the study of nuclear structure, reactions
and astrophysics. Experiments with the new isotopes produced at FRIB
will lead to a comprehensive description of nuclei, elucidate the origin of
the elements in the cosmos, provide an understanding of matter in the
crust of neutron stars, and establish the scientific foundation for
iInnovative applications of nuclear science to society.

We recommend a targeted program of experiments to investigate neutrino
properties and fundamental symmetries. These experiments aim to
discover the nature of the neutrino, yet unseen violations of time-reversal
symmetry, and other key ingredients of the new standard model of
fundamental interactions. Construction of a Deep Underground Science
and Engineering Laboratory is vital to US leadership in core aspects of
this initiative.

The experiments at the Relativistic Heavy lon Collider have discovered a
new state of matter at extreme temperature and density—a quark-gluon
plasma that exhibits unexpected, almost perfect liquid dynamical behavior.
We recommend implementation of the RHIC Il luminosity upgrade,
together with detector improvements, to determine the properties of this
new state of matter.



RISAC Report Science Drivers G
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Nuclear Structure
— Explore the limits of existence and study new phenomena
— Possibility of a broadly applicable model of nuclei

— Probing neutron skins (study of neutron matter)

— Synthesis of Superheavy elements

« Nuclear Astrophysics l

— The origin of the heavy elements :
— Explosive nucleosynthesis

— Composition of neutron star crusts

« Fundamental Symmetries = = _—
— Tests of fundamental symmetries with rare |sotopes

 Other Scientific Applications
— Stockpile stewardship, materials, medical, reactors

Muckei known

Figure 1.1.1

Galveston May 2007 27 LRP Resolution Meeting



12 GeV CEBAF D

Upgrade magnets
and power

J supplies

20 cryomodules

cryomodules Two 1.1 GV linacs

&G

Enhanced capabilities
In existing Halls U

Lower pass beam energies
still available
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Scientific case has been established and validated

by two National Academy Studies, two long-range
plans and several community workshops

Determine the neutrino masses, the

Connecting k | ; ¥a constituents of the dark matter and the
Qua [KS'# lifetime of the proton. The Committee

e CosmOS recommends that DOE and NSF work
S together to plan for and to fund a new
generation of experiments fo achieve
these goals. We further recommend
that an undereround laboratory with
sufficient infrastructure and depth be
built to house and operate the needed
experiments.

(3'd Turner Committee Recommendation, 2002)
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New update on Cigcouplings — Dec 2006

0.18

, L
| SLAC: DDIS °

(Young et al.)

Dramatic
Improvement in
PVES knowledge of weak
couplings!

- Factor of 5 increase
| s | In precision of
-08 -07 -06 -05 -04 Standard Model test
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RHIC Il and LHC - Golden Age of Heavy lons

RHIC Il high luminosity and substantial energy range are
critical to quantitative understanding and advances.
LHC highest energy achievable is also compelling.

One Example

hydro limit (soft EoS)
hydro limit (hard EoS)

® STAR AulAu-200 GeV

B PHOBOS AuAu-200 GeaV
R H IC STAR Aubu-130 GeV
STAR Aubu-62.4 GeV

Uranium beams
| with EBIS extend
the RHIC range.

35 40 45 50
(1/A.) dN_ /dn (fm?)




A High Luminosity, High Energy Electron-lon Collider:
A New Experimental Quest
to Study the Glue which Binds Us All

How do we understand the visible matter in our universe
In terms of the fundamental quarks and gluons of QCD?

Explore the new QCD frontier:
strong color fields in nuclei

Precisely image the sea-quarks
and gluons in the nucleon

BNL, CERN, JLab....
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Future Role of WG.9

WG.1is ICFA —is there a similar role for WG.9?

Created to promote international cooperation
In nuclear physics...

Are there projects in NP too big for a
single country?

Series of workshops to stimulate discussion
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Agreed Actions

 Prepare a concise report on what it requires to operate
an effective, truly international user facility
- includes difficulty of access for users from
“small countries” (ASL, IMP, MM, WH)

*Develop sources of funding for networking activities
along lines so successfully employed by EC
(WH, AT, ML, RT)

» Establish sub-committees to coordinate workshops/plans
for facilities likely too large for single country/region
- Future RIB facility (SG, RC, BF ....)
- Future electron-ion collider (SA, AT ....))

 Pursue implementation of OECD recommendations.....
Office of
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